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A BST R ACT
In this study, the physicochemical properties of Italian and German bentonites were evaluated, including the 
physicochemical characteristics of white wine vinegar. Once established, the optimal clarification regime and its 
physical parameters were determined. After establishing the optimized sedimentation parameters, the influence 
of different doses of bentonite on the physicochemical and organoleptic characteristics of the analyzed vinegar 
was investigated. With this was determined the influence of the different contact periods of vinegar with ben-
tonite, on the physicochemical parameters of clarified wine vinegar. Thus, for the Italian bentonite, the optimal 
conditions for the clarification process were: dose of bentonite — 2.03 g · 25L-1, time — 45 min, temperature — 
20 ± 1 °C, stirring time — 60 s, centrifugation time — 3 min and spin speed of 300 min-1. Moreover, when using the 
German bentonite, the optimal parameters were: bentonite dose — 1.96 g · L-1, contact time — 45 min, tempera-
ture — 20 ± 1 °C, stirring time — 300 s, centrifugation time — 3 min and spin speed of 300 min-1. Finally, the sensory 
analysis of wine vinegar was performed and it was established, from the data, which of the analyzed bentonites 
has properties that are more efficient on the clarification process.
1. Introduction
Wine vinegar is obtained from wine by acetous fermenta-
tion and in which the maximum level of volatile acids in the raw 
materials may be exceeded [1]. It is well known that the wine and 
vinegars, prepared from grape musts, wine, or cider, even if are 
correctly made, settled and filtered, may develop in time a cloudy 
appearance. These changes may significantly reduce the market 
value to consumers which are requiring intense clarity for bottled 
liquids, as a proof of quality [2].
For these purpose the vinegar is treated with bentonite, and its 
removal is accomplished by adsorption or precipitation based on 
electric charge counterbalancing of the molecules [3]. Adsorption 
was shown to be independent of temperature, but varied slightly 
with protein content, pH and ethanol content [4].
One of the perceived disadvantages of bentonite fining is that 
it is thought to reduce flavor and aroma of wines. This perception 
is not supported by strong evidence in the normal operational 
range of bentonite additions by winemakers. Sensory evaluation 
of wines treated with bentonite showed no significant differences 
between the control and the fined samples [5].
2. Materials and methods
2.1. Materials
In this work, white wine vinegar was used, the raw material 
was taken from the wine factory in the city of Ialoveni. White wine 
vinegar was obtained as part of a scientific research that took place 
in the faculty of Food Technology, Technical University of Moldova. 
The obtained wine vinegar corresponds to the quality indicators 
stipulated in the Government Decision of the Republic of Moldova 
no. 1403, Art. III, to be accepted and allowed for consumption in 
food [6]. To clarify the white wine vinegar two types of bentonite 
were used: the first producer — Italy (Enartis, Francesco Berga-
glio, Italia), natural mineral, Ca — bentonite (calcium bentonite); 
Germany (Erbslöh, Geisenheim, Germany) is the second largest 
producer of natural mineral, Na-Ca bentonite.
2.2. Methods
2.2.1. Analysis of physicochemical indices of bentonites
The beginning of the study was carried out to determine the 
physicochemical parameters of bentonites. The following param-
eters were defined: the density, the porosity [7], the dry matter [8], 
pH [9], the swelling index [10], the ash content [11].
2.2.2. Analysis of the physicochemical indices of vinegar
The optic density was determined using the Spectropho-
tometer LLG-uniSPEC2 [12]. The dry matter of the wine vin-
egar samples was determined according to the standardized 
methods [13]. The total acidity content, expressed in grams of 
acetic acid per liter of the sample, was determined by titration. 
In order to quantify the contribution of acidity when the solid 
is in contact with the solution was determined and the vinegar 
pH value using the device Hanna. The ash content can serve to 
identify certain types of fraud, such as the addition of water or 
an aqueous solution of acetic acid. The ashes of vinegar were 
determined through incineration of the vinegar extract conducted 
between 500 °C and 550 °C until the complete combustion of 
carbon [14]. Considering that the vinegar is a wine byproduct, 
the residual alcohol content, expressed as a percentage (v/v) 
was appreciated. Sensorial appreciation was conducted against 
a control sample [15].
3. Results and discussion
The study started with the determination of the raw material 
parameters, which was subsequently used for clarification. The 
obtained results, for the bentonites are presented in Table 1.
The results on the physicochemical composition of wine vin-
egar are shown in Table 2.
3.1. Determining the optimal dose of bentonite
The influence of the Italy and German bentonite dose, which 
ranged from 0.45 g · L-1 to 2.93 g · L-1, was investigated on the white 
wine vinegar clearing process. The optimal dose of German ben-
tonite was established based on Figure 1, and its value is equal 
to 1.96 g · L-1, and the optimal dose of Italian bentonite its value 
is 2.03 g · L-1.
The experimental data allow us to state that the clearing ef-
fect of white wine vinegar for both types of bentonite is observed 
at a higher dose 0.5 g · L-1. An essential increase in the clearing 
effect is determined at a dose of 2 g · L-1. Subsequent increase in 
the dose of bentonite has a significant influence on the vinegar 
clearing process.
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3.2. The influence of time on the white wine vinegar  
clearing process
Time is a parameter that influences the clearing process. In 
order to determine the optimum contact time of the Italian and 
Germany bentonite suspension with white wine vinegar, 6 samples 
were performed, in which the optimal amount of bentonite was 
used and the experiment was carried out in an interval from 1 
to 48 hr Figure 2. Analyzing the results of the optical density of 
vinegar clarification with Italian bentonite in time dependence 
it observed that this value decreases instantly after one hour 
of contact. Based on the optical density values of white wine 
vinegar clarification with German bentonite in time dependence 
it observed that this value decreases instantly after one hour of 
contact. However, it observed that between 0–3 hr there is a very 
large instability and variation of the optical density values. This is 
due to the gelling structure of the bentonite suspension, because 
the conglomerations formed did not reduce the contact surface 
of the bentonite with the vinegar, which led to the obtaining of 
erroneous data. To avoid this instability, it was necessary to carry 
out a more detailed analysis of this time interval and to make a 
homogeneous mixing. For this reason, it was necessary to carry out 
a more detailed analysis of this time interval. Thus, the analysis 
of three vinegar samples with Italian and Germany bentonite that 
were place between 0.45–1.30 hr was perform Figure 3. Based on 
the data presented in Figure 3, it noted that the optimal contact 
time of the Italy and Germany bentonite suspension with wine 
vinegar is 0.45 hr. This time was selected despite the variation of 
the optical density values, because the capacity of conglomeration 
formation of Germany bentonite was taken into account, which 
causes erroneous data to be obtained.
3.3. The influence of temperature on the vinegar  
clearing process
Temperature is another important factor in the clearing process. 
Because opting for a well-clarified preparation, experiments were 
carried out to determine the value of the optimum temperature. 
The determination of the optimal wine vinegar clarification tem-
perature was performed by placing at three different temperatures 
(refrigeration — 10 ± 1 °C, at room temperature — 20 ± 1 °C and 
steam bath — 35 ± 1 °C) three vinegar samples in which the opti-
mum amount of bentonite was added. Figure 4 show the optical 
density values for both types of bentonite depending on the tem-
perature at which the white wine vinegar clearing process took 
place. The results of the experiments carried out show that the 
temperature variation does not greatly influence the clearing pro-
cess. From the obtained data it was established that the optimum 
temperature for both types of bentonite is 20 ± 1 °C, because the 
lowest value of the optical density was obtained.
3.4. The influence of the hydrodynamic contact regime 
of white wine vinegar with bentonite suspension
The effect of the clarification process with the bentonite sus-
pension depends largely on the intensity of mixing with the white 
wine vinegar. The influence of the active contact on the adsorption 
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Table 1
Physicochemical parameters of bentonites
Indices Density, g · cm-3 Porosity, % Ash content, % Swelling index, % pH Dry matter, %
Italian bentonite 1.2 ± 0.2 0.35 ± 0.01 14.55 ± 0.1 39.20 ± 0.1 8.79 ± 0.04 11.16 ± 0.08
German bentonite 1.31 ± 0.5 0.35 ± 0.02 17.50 ± 0.2 31.19 ± 0.2 9.62 ± 0.3 12.90 ± 0.4
Table 2
Physicochemical parameters of white wine vinegar
Indices Acidity % pH Density g · cm-3 Dry matter, % Ash content, % Residual alcohol % alc.
Vinegar 4.95 ± 0.04 3.11 ± 0.2 1.013 ± 0.01 16.55 ± 0.75 5.37 ± 0.08 >  ±  3%
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kinetics of the bentonite suspension is analyzed. Continuous mix-
ing and stirring is performed with the help of a mechanical stirrer. 
The contact time ranged from 1–5 min at the stirring at intervals 
of 60 min. The results of the investigation of the dependence 
between the optical density of white wine vinegar and the mixing 
duration with the Italian and Germany bentonite suspension are 
presented in Figure 5. It is noted that at a continuous and intensive 
mixing, an effective distribution of bentonite suspension particles 
throughout the volume of wine vinegar is ensured. Experience has 
shown that in the case of using Italian bentonite suspension it is 
not necessary to increase the mixing time beyond 1 min, as this is 
sufficient to obtain a well-clarified preparation. In addition, when 
using German bentonite suspension, it is necessary to increase 
the mixing time up to 5 min, because its gelling structure requires 
mixing for a longer period of time in order to come in contact with 
the impurities particles in the white wine vinegar.
3.5. The influence of the centrifugation regime  
on the separation of the bentonite suspension
The process of clearing the vinegar of white wine also depends 
on the centrifugation regime. The duration of the centrifugation 
regime varies between 3–6 min, and the centrifugation speed of 
3000 min-1. Figure 6 shows the results of the optical density de-
pendence of white wine vinegar clarified with Italian and Germany 
bentonite suspension on the centrifugation time. Analyzing the 
obtained results, it is observed that the kinetic curves have two 
distinct phases. In the first phase (0–3 min) the optical density 
of white wine vinegar decreases greatly. And in the second phase 
(3–6 min), it is observed that the optical density remains practi-
cally constant and changes nonessential over time. The results 
show that the process of clearing the white wine vinegar is de-
pendent on the quality and the physicochemical characteristics 
of the bentonite suspension used. However, from the obtained 
experimental data it is observed that the clearing process is carried 
out sufficiently for 3 min for both types of bentonite. Increas-
ing the centrifugation time does not fundamentally change the 
optical density value of the clarified vinegar. Thus the optimum 
regime of centrifugation of white wine vinegar with bentonite 
suspension is: the centrifugation time 3 min and the centrifuga-
tion speed of 3000 min-1.
3.6. The influence of bentonite dose 
on vinegar quality indices
Determination of the physico-chemical parameters: pH, total 
acidity, dry extract, ash was made using a quantity of bentonite 
which ranged from 1 to 3 g · L-1.
pH. It was determined how to change the pH value of wine 
vinegar depending on the amount of bentonite used. The experi-
ment was performed on the basis of a set of four vinegar samples 
in which a quantity of bentonite was added which ranged from 1 
to 3 g · L-1, the experimental data are shown in Figure 7.
The suspension of Italian bentonite contributes to a pH in-
crease of 1.60% and it is kept constant regardless of the quantity 
used. In the case of German bentonite suspension, is observed 
a pH increase of 0.32 and 1.28%. Even if there is a tendency to 
increase the pH value, this is insignificant. Thus, it can be realized 
that the amount of bentonite suspension used for clearing white 
wine vinegar does not influence its quality.
Total acidity: Total acidity is a prime indicator that shows 
the completion of the vinegar acetic fermentation process. The 
content of acetic acid is that indicator on which international 
standards distinguish vinegar quality. Because the clarification 
process is carried out at the end of the acetic fermentation, the 
purpose of the clarifying substances is to flocculate and sedi-
ment the impurities formed, but it does not have to change the 
quality of the vinegar. Testing of Italian and German bentonite 
suspensions was performed by analyzing four white wine vin-
egar samples in which a suspension amount ranging from 1 to 
3 g · L-1 was added.
Based on the experimental data shown in Figure 8 it can be 
argued that Italian bentonite suspension is suitable for vinegar 
clarification, as it does not change the total acidity value regardless 
of the quantity used. The suspension of German bentonite causes 
a 2% increase in total acidity when using 1 and 2 g·L-1 of bentonite. 
was performed by placing at three different temperatures (refrigeration - 10±1 °C, at room 
temperature - 20±1 °C and steam bath - 35±1 °C) three vinegar samples in which the optimum 
amount of bentonite was added. Figure 4 show the optical density values for both types of 
bentonite depending on the temperature at which the white wine vinegar clearing process took 
place. The results of the experiments carried out show that the temperature variation does not 
greatly influence the clearing process. From the obtained data it was established that the op-
timum temperature for both types of bentonite is 20±1 °C, because the lowest value of the op-
tical density was obtained. 
   3.4. The influence of the hydrodynamic contact regime of white wine vinegar with 
bentonite suspension.  
The effect of the clarification process with the bentonite suspension depends largely 
on the intensity of mixing with the white wine vinegar. The influence of the active contact on 
the adsorption kinetics of the bentonite suspension is analyzed. Continuous mixing and stir-
ring is performed with the help of a mechanical stirrer. The contact time ranged from 1-5 min 
at the stirring at intervals of 60 min. The results of the investigation of the dependence be-
tween the optical density of white wine vinegar and the mixing duration with the Italian and 
Germany bentonite suspension are presented in Figure 5. It is noted that at a continuous and 
intensive mixing, an effective distribution of bentonite suspension particles throughout the 
volume of wine vinegar is ensured. Experience has shown that in the case of using Italian 
bentonite suspension it is not necessary to increase the mixing time beyond 1 min, as this is 
sufficient to obtain a well-clarified preparation. In addition, when using German bentonite 
suspension, it is necessary to increase the mixing time up to 5 min, because its gelling struc-
ture requires mixing for a longer period of time in order to come in contact with the impurities 
particles in the white wine vinegar. 
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was performed by placing at three different temperatures (refrigeration - 10±1 °C, at room 
temperature - 20±1 °C and steam bath - 35±1 °C) three vinegar samples in which the optimum 
amount of bentonite was added. Figure 4 show the optical density values for both types of 
bentonite depending on the temperature at which the white wine vinegar clearing process took 
place. The results of the experiments carried out show that the temperature variation does not 
greatly influence the clearing process. From the obtained data it was established that the op-
ti um temperature for both types of bentonite is 20±1 °C, because the lowest value of the op-
tical density was obtained. 
   3.4. The influence of the hydrodynamic contact regime of white wine vinegar with 
bentonite suspension.  
The effect of the clarification process with the bentonite suspension depends largely 
on the intensity of mixing with the white wine vinegar. The influence of the active contact on 
the adsorption kinetics of the bentonite suspension is analyzed. Continuous mixing and stir-
ring is performed with the help of a mechanical stirrer. The contact time ranged from 1-5 min 
at the stirring at intervals of 60 min. The results of the investigation of the dependence be-
tween the optical density of white wine vinegar and the mixing duration with the Italian and 
Germany bentonite suspension are presented in Figure 5. It is noted that at a continuous and 
intensive mixing, an effective distribution of bentonite suspension particles throughout the 
volume of wine vinegar is ensured. Experience has shown that in the case of using Italian 
bentonite suspension it is not necessary to increase the mixing time beyond 1 min, as this is 
sufficient to obtain a well-clarified preparation. In addition, when using German bentonite 
suspension, it is necessary to increase the mixing time up to 5 min, because its gelling struc-
ture requires mixing for a longer period of time in order to come in contact with the impurities 
particles in the white wine vinegar. 
Figure 5. Dependence of the optical density  
on the mixing time  
Figure 6. Dependence of the optical density of 
the duration of centrifugation  
 
   3.5. The influence of the centrifugati r gime on the separation of the bentonite 
suspension 
The process of clearing the vinegar of white wine also depends on the centrifugation 
regime. The duration of the centrifugation regime varies between 3-6 min, and the centrifuga-
tion speed of 3000 min-1. Figure 6 shows the results of the optical density dependence of 
white wine vinegar clarified with Italian nd Germany bent nite suspension on the centrifuga-
tion time. Analyzing the obtained results, it is observed that the kinetic curves have two dis-
tinct phases. In the first phase (0-3 min) the optical density of white wine vinegar decreases 
greatly. And in the second phase (3-6 min), it is observed that the optical density remains 
practically constant and changes nonessential over time. The esul s show that the process of 
clearing the white wine vinegar is dependent on the quality and the physicochemical charac-
teristics of the bentonite suspension used. However, from the obtained experimental data it is 
observed that the clearing process is carried out sufficiently for 3 min for both types of ben-
0,6
0,8
1
1,2
1,4
1,6
1,8
2
0 1 2 3 4 5O
pt
ica
l d
en
sit
y,
 A
 λ=
42
0
Time, min
Italy bentonite Germany bentonite
0,5
1
1,5
2
0 3 6O
pt
ica
l d
en
sit
y,
 A
 λ=
42
0
Time, min
Italy bentonite Germany bentonite
Figure 5. Dependence of the optical density 
on the mixing time
Figure 6. Dependence of the optical density 
of the duration of centrifugation
tonite. Increasing the centrifugation time does not fundamentally change the optical density 
value of the clarified vinegar. Thus the optimum regime of cent ifugation of white win  vine-
gar with bentonite suspension is: the centrifugation time 3 min and the centrifugation speed of 
3000 min-1. 
   3.6. The influence of bentonite dose on vinegar quality indices  
Determination of the physico-ch mical parameters: H, total acidity, dry extract, ash 
was made using a quantity of bentonite which ranged from 1 to 3 g·L-1. 
pH. It was determined how to change the pH value of wine vinegar depending on the 
amount of bentonite used. The experiment was performed on the basis of a set of four vinegar 
samples in which a quantity of bentonite was added which ra ged from 1 to 3 g·L-1, th  ex-
perimental data are shown in Figure 7. 
 
Figure 7.  Dependence of the pH value of the wine vinegar on the used bentonite 
amount 
The suspension of Italian bentonite contributes to a pH increase of 1.60% and it is kept 
constant regardless of the quantity used. In the case of German bentonite suspension, is ob-
served a pH increase of 0.32 and 1.28%. Even if there is a tendency to increase the pH value, 
this is insignificant. Thus, it can be realized that the amount of bentonite suspension used for 
clearing white wine vinegar does not influence its quality.  
Total acidity: Total acidity is a prime indicator that shows the completion of the vine-
gar acetic fermentation process. The content of acetic acid is that indicator on which interna-
tional standards distinguish vinegar quality. Because the clarification process is carried out at 
the end of the acetic fermentation, the purpose of the clarifying substances is to flocculate and 
sediment the impurities formed, but it does not have to change the quality of the vinegar. 
Testing of Italian and German bentonite suspensions was performed by analyzing four white 
wine vinegar samples in which a suspension amount ranging from 1 to 3 g·L-1 was added. 
 
Figure 8. Dependence of the total acidity value of the wine vinegar on the used bentonite 
amount  
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Figure 7. Dependence of the pH value of the wine vinegar on the used bentonite amount
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As the dose of bentonite increases, total acidity stabilization is ob-
served at the initial value of vinegar. The variation of these values 
may be a cause of the gelling structure of the German bentonite 
suspension which contributed to the erroneous data obtained.
Density: Density is a physicochemical characteristic of vinegar 
that does not have to undergo substantial changes. Thus, it was 
proposed to analyze the transformations supported by this param-
eter during the vinegar clearing process, depending on the amount 
of bentonite suspension used, which ranged from 1 to 3 g · L-1.
Analyzing the data presented in Figure 9, it is found that ben-
tonite suspension has a tendency to increase the value of wine 
vinegar density. In the case of the use of Italian bentonite suspen-
sion, an increase in density is recorded but does not exceed the 
allowable values according to [16]. And when using the German 
bentonite suspension, with the increase in the amount of ben-
tonite, there is an increase in density over the permissible limit 
value. Thus it can be concluded that in the process of wine vinegar 
clarification with bentonite to avoid increasing the density, the 
determined optimum quantity must be respected and the use of 
a larger quantity is not allowed.
Dry matter: The dry matter is a quality indicator that confirms 
whether fraud has occurred during the vinegar manufacturing 
process. It was investigated how to modify the ash content de-
pending on the dose of bentonite used during the clearing process.
Based on the results shown in Figure 10, an increase in the dry 
matter quantity of white wine vinegar clarified with Italian and 
German bentonite is observed, this quantity is within the permis-
sible limit 8.71–25 g · L-1. Thus it can be confirmed that the amount 
of bentonite administered does not influence the quality of the 
vinegar. Comparing the results obtained with the dry matter of 
8.95 g·L-1 in the white wine vinegar obtained in another paper, we 
can confirm that the dry matter can be reduced by using another 
type of bentonite, which has a higher capacity of flocculation of 
proteins and impurities.
Ash content: Ash represents a quality indicator of white wine 
vinegar, for this reason the clarifying substances used for clarifica-
tion should not increase its content. The purpose of the experiment 
was to determine how the ash content changes depending on the 
amount of bentonite suspension used.
According to the experimental results presented in Figure 11 
it can be confirmed that the ash content decrease of white wine 
vinegar depends on the amount of bentonite suspension used. 
Italian bentonite suspension has the capacity to reduce ash content 
by 29.23 to 37.60%. When using German bentonite suspension, it 
is observed that it has a lower capacity of 9.70 to 24.60% to reduce 
the ash content of white wine vinegar. It can be observed that 
tonite. Increasing the centrifugation time does not fundamentally change the optical density 
value of the clarified vinegar. Thus the optimum regime of centrifugation of white wine vine-
gar with bentonite suspension is: the centrifugation time 3 min and the centrifugation speed of 
3000 min-1. 
   3.6. The influence of bentonite dose on vinegar quality indices  
Determination of the physico-chemical parameters: pH, total acidity, dry extract, ash 
was made using a quantity of bentonite which ranged from 1 to 3 g·L-1. 
pH. It was determined how to change the pH value of wine vinegar depending on the 
amount of bentonite used. The experiment was performed on the basis of a set of four vinegar 
samples in which a quantity of bentonite was added which ranged from 1 to 3 g·L-1, the ex-
perimental data are shown in Figure 7. 
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The suspension of Italian bentonite contributes to a pH increase of 1.60% and it is kept 
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served a pH increase of 0.32 and 1.28%. Even if there is a tendency to increase the pH value, 
this is insignificant. Thus, it can be realized that the amount of bentonite suspension used for 
clearing white wine vinegar does not influence its quality.  
Total acidity: Total acidity is a prime indicator that shows the completion of the vine-
gar acetic fermentation process. The content of acetic acid is that indicator on which interna-
tional standards distinguish vinegar quality. Because the clarification process is carried out at 
the end of the acetic fermentation, the purpose of the clarifying substances is to flocculate and 
sediment the impurities formed, but it does not have to change the quality of the vinegar. 
Testing of Italian and German bentonite suspensions was performed by analyzing four white 
wine vinegar samples in which a suspension amount ranging from 1 to 3 g·L-1 was added. 
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Figure 8. Dependence of the total acidity value of the wine vinegar on the used bentonite amount
Based on the experimental data shown in Figure 8 it can be argued that Italian benton-
ite suspension is suitable for vinegar clarification, as it does not change the total acidity value 
regardless of the quantity used. The suspension of German bentonite causes a 2% increase in 
total acidity when using 1 and 2 g·L-1 of bentonite. As the dose of bentonite increases, total 
acidity stabilization is observed at the initial value of vinegar. The variation of these values 
may be a cause of the gelling structure of the German bentonite suspension which contributed 
to the erroneous data obtained.  
Density: Density is a physicochemical characteristic of vinegar that does not have to 
undergo substantial changes. Thus, it was proposed to analyze the transformations supported 
by this parameter during the vinegar clearing process, depending on the amount of bentonite 
suspension used, which ranged fr m 1 to 3 g·L-1. 
 
Figure 9. Dependence of density of the clarifi d wine vi egar on the used ben onite 
amount  
Analyzing the data presented in Figure 9, it is found that bentonite suspension has a 
tendency to increase the value of wine vinegar density. In the case of the use of Italian ben-
tonite suspension, an increase in density is recorded but does not exceed the allowable values 
according to [16]. And when using the German bentonite suspension, with the increase in the 
amount of bentonite, there is an increase in density over the permissible limit value. Thus it 
can be concluded that in the process of wine vinegar clarification with bentonite to avoid in-
creasing the density, the determined optimum quantity must be respected and the use of a 
larger quantity is not allowed. 
Dry matter: The dry matter is a quality indicator that confirms whether fraud has oc-
curred during the vinegar manufacturing process. It was investigated how to modify the ash 
content depending on the dose of bentonite used during the clearing process. 
 
Figure 10. Dependence of dry matter of wine vinegar on the used bentonite amount 
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Figure 10. Dependence of dry matter of wine vinegar on the used bentonite amount
Based on the experimental data shown in Figure 8 it can be argued that Italian benton-
ite suspension is suitable for vinegar clarification, as it does ot chang  the tot l acidity value
regardless of the quantity used. The suspension of German bentonite causes a 2% increase in 
total acidity when using 1 and 2 g·L-1 of bentonite. As the dose of bentonite increases, total 
acidity stabilization is observed at the initial value of vinegar. The variation of these values 
may be a cause of the gelling st u ture of the Ge man bent nite susp nsion which contributed 
to the erroneous data obtained.  
Density: Density is a physicochemical charact ristic of vinegar that does not have to 
undergo substantial changes. Thus, it was proposed to analyze the transformations supported 
by this parameter during the ar clearing process, depending on the amount of bentonite 
suspension used, which ranged from 1 to 3 g·L-1. 
 
Figure 9. Dependence of density of the clarified wine vinegar on the used bentonite 
amount  
Analyzing the data presented in Figure 9, it is found that bentonite suspension has a 
tendency to increase the value of wine vinegar density. In the case of the use of Italian ben-
tonite suspension, an increase in density is recorded but does not exceed the allowable values 
according to [16]. And when using the German bentonite suspension, with the increase in the 
amount of bentonite, there is an increase in density over the permissible limit value. Thus it 
can be concluded that in the process of wine vinegar clarification with bentonite to avoid in-
creasing the density, the determined optimum quantity must be respected and the use of a 
larger quantity is not allowed. 
Dry matter: Th dry matter is a quality indicator th t confirms whether fra d has oc-
curred during the vinegar manufacturing process. It was investigated how to modify the ash 
content depending on the dose of bentonite used during the clearing process. 
 
Figure 10. Dependence of dry matter of wine vinegar on the used bentonite amount 
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when using both types of bentonite the decrease in ash content is 
inversely proportional to the amount of suspension administered. 
This can be explained by the fact that a small dose of bentonite 
has the ability to flocculate and sediment all the impurities in 
white wine vinegar. And with increasing the dose of bentonite, 
small particles of bentonite that sediment harder remain in white 
wine vinegar. In order to avoid the presence of bentonite particles, 
it is recommended that the optimum amount of suspension to be 
used in the vinegar clarification process.
3.7. Influence of the bentonite contact time  
on white wine vinegar on quality parameters
pH: The degree of white wine vinegar clarity depends on the 
contact time of the product with the bentonite suspension. It is very 
important that the clarification time increase does not affect any 
vinegar quality parameter. The supported changes in vinegar pH were 
investigated following the clarification process with the Italian and 
German bentonite suspension. Each type of bentonite was contacted 
with vinegar for a period of time ranging from 15 to 75 min.
Analyzing the data presented in Figure 12, it is noticed that 
depending on the contact time of the product with the bentonite 
suspension produced by Italy, the pH value increases by 1.60% 
and remains constant over time. When using German bentonite 
suspension, the pH value increases from 1.26% to 1.60%. It can 
be approved that in the case of increasing the time of the wine 
vinegar clarification process with the suspension of bentonite, the 
pH increases for the final product is non-essential.
Total Acidity: The change in the value of the total acidity of 
the wine vinegar was investigated depending on the contact du-
ration with the bentonite suspension. The analysis of Italian and 
German bentonite suspensions was performed by analyzing four 
vinegar samples in which a suspension quantity of 3 g · L-1 was 
added, which was contacted with the product for a certain time, 
from 15 to 75 min.
Based on the results shown in Figure 10, an increase in the dry matter quantity of white wine 
vinegar clarified with Italian and German bentonite is observed, this quantity is within the 
permissible limit 8.71-25 g·L-1. Thus it can be confirmed that the amount of bentonite admin-
istered does not influence the quality of the vinegar. Comparing the results obtained with the 
dry matter of 8.95 g·L-1 in the white wine vinegar obtained in another paper , we can confirm 
that the dry matter can be reduced by using another type of bentonite, which has a higher ca-
pacity of flocculation of proteins and impurities. 
   Ash content: Ash represents a quality indicator of white wine vinegar, for this reason 
the clarifying substances used for clarification should not increase its content. The purpose of 
the experiment was to determine how the ash content changes depending on the amount of 
bentonite suspension used. 
 
Figure 11.  Dependence of the ash quantity of wine vinegar on the used bentonite 
amount  
 According to the experimental results presented in Figure 11 it can be confirmed that 
the ash content decrease of white wine vinegar depends on the amount of bentonite suspen-
sion used. Italian bentonite suspension has the capacity to reduce ash content by 29.23 to 
37.60%. When using G r a  bentonite suspension, it is observed tha  it has a low r capacity 
of 9.70 to 24.60% to reduce the ash content of white wine vinegar. It can be observed that 
when using both types of bentonite the decrease in ash content is inversely proportional to the 
amount of suspension administered. This can be explained by the fact that a small dose of 
bentonite has the ability to flocculate and sediment all the impurities in white wine vinegar. 
And with increasing the dose of bentonite, small particles of bentonite that sediment harder 
remain in white wine vinegar. In order to avoid the presence of bentonite particles, it is rec-
ommended that the opti um amount of suspension to be used in the vinegar clarification pro-
cess. 
   3.7. Influence of the bentonite contact time on white wine vinegar on quality pa-
rameters 
pH: The degree of white wine vinegar clarity depends on the contact time of the prod-
uct with the bentonite suspension. It is very important that the clarification time increase does 
not affect any vinegar quality parameter. The supported changes in vinegar pH were investi-
gated following the clarification process with the Italian and German bentonite suspension. 
Each type of bentonite was contacted with vinegar for a period of time ranging from 15 to 75 
min. 
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Figure 11. Dependence of the ash quantity of wine vinegar on the used bentonite amount
 
Figure 12. Dependence of the pH value of the wine vinegar on the contact duration 
ith the bentonite suspension 
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by 1.60% and remains constant ov r time. When using G rman bentonite suspension, the pH 
value increases from 1.26% to 1.60%. It can be approved that in the case of increasing the 
time of the wine vinegar clarification process with the suspension of bentonite, the pH in-
creases for the final product is non-essential. 
   Total Acidity: The change in the value of the total acidity of the wine vinegar was 
investigated depending on the contact duration with the bentonite suspension. The analysis of 
Italian and German bentonite suspensions was performed by analyzing four vinegar samples 
in which a suspension quantity of 3 g·L-1 was added, which was contacted with the product 
for a certain time, from 15 to 75 min. 
 
Figure 13. Dependence of the value of the total acidity of the wine vinegar on 
the contact duration with the bentonite suspension 
 
According to the obtained experimental results shown in Figure 13 it can be argued 
that when using Italy's bentonite suspension, the value of acidity remains unchanged for a pe-
riod of up to 30 min. With increasing contact time, a decrease in total acidity value is record-
ed. It shows that in the case of using the Italian bentonite suspension in the clearing process, 
the optimum time of 30 min must be respected. In the case of the use of the bentonite suspen-
sion produced by Germany, there is a very small decrease in total acidity after 15 min, but the 
acidity value returns to the initial results of 4.95% for the other samples and remains constant 
over time. The deviation of the total acidity for the first sample can be considered an experi-
mental error. Thus it can be argued that bentonite producer Germany does not alter the total 
acidity of wine vinegar regardless of the contact time. 
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According to the obtained experimental results shown in Figure 
13 it can be argued that when using Italy’s bentonite suspension, 
the value of acidity remains unchanged for a period of up to 30 
min. With increasing contact time, a decrease in total acidity 
value is recorded. It shows that in the case of using the Italian 
bentonite suspension in the clearing process, the optimum time of 
30 min must be respected. In the case of the use of the bentonite 
suspension produced by Germany, there is a very small decrease 
in total acidity after 15 min, but the acidity value returns to the 
initial results of 4.95% for the other samples and remains constant 
over time. The deviation of the total acidity for the first sample 
can be considered an experimental error. Thus it can be argued 
that bentonite producer Germany does not alter the total acidity 
of wine vinegar regardless of the contact time.
Density: The influence of the contact duration of bentonite 
suspension on the value of wine vinegar density was analyzed. The 
experience was based on four samples that were subjected to the 
clearing process in a time interval that ranged from 15 to 75 min.
According to the data shown in Figure 14, it is noted that 
the time-dependent bentonite suspension has the tendency to 
increase the wine vinegar density. Italian bentonite suspension 
has the capacity to increase the density of vinegar by 0.69%, 
and the German one — by up to 0.49%. But the variation of 
these values is within the permissible limit of 1013–1020 kg/
m3, according to [17], thus it can be concluded that the contact 
time with the bentonite suspension does not influence the wine 
vinegar density.
Dry matter: An analysis of the modification of the dry substance 
content was performed depending on the contact time with the 
bentonite suspension. The research was carried out on a sample of 
4 wine vinegar samples in which a quantity of 3 g · L-1 of bentonite 
was added and the clearing process lasted from 15 to 75 min. The 
experimental data obtained are shown in Figure 15.
According to the obtained results, it is observed that clearing 
the vinegar with the Italian bentonite suspension in time depen-
dence results in a reduction of the quantity of dry matter up to 
8%. And in the case of the use of German bentonite suspension, 
there is an increase of the dry matter from 19.40 g · L-1 to 20.90 
g · L-1 and is directly proportional to the increase of the contact 
time. Thus, it can be concluded that the bentonite suspension in 
Italy has a more positive impact on the vinegar clearing process 
of white wine, as it does not contribute to the increase in the 
quantity of dry matter regardless of the contact time.
Ash content: The clarifying substances used should not alter 
the quality of wine vinegar regardless of the contact time. This 
experiment was carried out in order to determine how the ash 
content changes depending on the contact time with the benton-
ite suspension produced in Italy and Germany. The results were 
recorded on a sample of 4 vinegar samples in which an amount 
of 3 g·L-1 suspension of bentonite was administered and were left 
for a period of time ranging from 15 to 75 min, the experimental 
data are shown in Figure 16.
It can be confirmed that the ash content in wine vinegar is 
reduced in percentage with a value ranging from 33.90 to 40.40% 
following the process of clearing with the bentonite suspension of 
the Italian and German producers. The values of the ash content 
change in a non-essential way from 15 to 75 min. These results 
confirm that the contact time does not affect the quality of the 
product and it is sufficient that the cleaning process lasts 45 min, 
according to the optimum preset time.
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4. Conclusions
In the paper, physicochemical parameters of turbid and un-
stable white wine vinegar obtained after the acetic fermentation 
process. These parameters served as a benchmark for the next 
steps of the research.
The process of adsorbent clarification with bentonite from 
different manufacturers was investigated. It was found that the 
adsorption effect is largely determined by the interaction of ben-
tonites with the protein substances in wine vinegar.
The optimum conditions for the adsorption process of the 
impurities from the white wine vinegar with the two types of 
bentonite used were established. Thus, for the bentonite of the 
Italian manufacturer, the optimal conditions for the clarification 
process are: dose of bentonite — 2.03 g · L-1, time — 45 min, tem-
perature — 20 ± 1 °C, stirring time — 1 min, centrifugation time — 
3 min and spin speed of 300 min-1. And when using the German 
manufacturer’s bentonite, the optimal parameters are: bentonite 
dose — 1.96 g · L-1, time — 45 min, temperature — 20 ± 1 °C, stir-
ring time — 5 min, centrifugation time — 3 min and spin speed 
of 300 min-1.
Based on the research of the influence of bentonite on the 
clearing process carried out under laboratory conditions, it was 
found that the adsorption process does not affect the quality of 
the physicochemical parameters of vinegar from white wine. In 
addition, for clarification of wine vinegar from two types of ben-
tonites, Italian is more suitable.
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positive impact on the vinegar clearing process of white wine, as it does not contribute to the 
increase in the quantity of dry matter regardless of the contact time.  
Ash content: The clarifying substances used should not alter the quality of wine vine-
gar regardless of the contact time. This experiment was carried out in order to determine how 
the ash content changes depending on the contact time with the bentonite suspension pro-
duced in Italy and Germany. The results were recorded on a sample of 4 vinegar samples in 
which an amount of 3 g·L-1 suspension of bentonite was administered and were left for a peri-
od of time ranging from 15 to 75 min, the experimental data are shown in Figure 16. 
    
 
Figure 16. Dependence of the ash quantity of wine vinegar on the contact duration 
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4.Conclusions 
In the paper, physicochemical parameters of turbid and unstable white wine vinegar 
obtained after the acetic fermentation process. These parameters served as a benchmark for 
the next steps of the research. 
The process of adsorbent clarification with bentonite from different manufacturers was 
investigated. It was found that the adsorption effect is largely determined by the interaction of 
bentonites with the protein substances in wine vinegar. 
The optimum c nditions for the adso ption process of the impurities from the white 
wine vinegar with the two types of bentonite used were established. Thus, for the bentonite of 
the Italian manufacturer, the optimal conditions for the clarificati n process are: dose of ben-
t nite - 2.03 g·L-1, time - 45 min, temperature - 20±1 °C, stirring time - 1 mi , c ntrifugation 
time - 3 min and spin speed of 300 min-1. And when using the German manufacturer's benton-
ite, the optimal par m ters are: bentonite dose - 1.96 g·L-1, time - 45 min, temperature - 20±1 
°C, stirring time – 5 min, centrifugation time - 3 min and spin speed of 300 min-1. 
Based on the research of the influence of bentonite on the clearing process carried out 
under laboratory c nditions, it was fou d tha  he adsorp ion process es not affect the quali-
ty of the physicochemical parameters of vinegar from white wine. In addition, for clarification 
of wine vinegar from two typ s of bento ites, Italian is more suitable. 
0
1
2
3
4
5
6
0 15 30 60 75
As
h 
co
nt
en
t,
g·
L-1
Time, min
Raw Italian bentonite German bentonite
Figure 16. Dependence of the ash quantity of wine vinegar on the contact duration with the bentonite suspension
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